The invisibility and intangibility of energy are key challenges faced by communicators looking to reduce household energy demand. 'Serious games'-defined as formalized, goal-oriented games designed to educate, or promote health and well-being-are one potential strategy that may help to alleviate these challenges. This paper discusses the suitability of serious gaming as an educational and behavioural change tool within the context of social housing-a faction often overlooked when it comes to household energy research. The paper takes a two-part approach. First, we review current literature on serious energy games, and second, we discuss perceptions of serious energy games amongst social housing residents using data from two surveys (Survey A, n = 536; Survey B, n = 78). Perceptions of serious energy games were found to be mixed. Some residents liked the idea of a game for energy, particularly if clear, actionable solutions for reducing energy bills were provided. However, others were disinterested, due to existing time pressures, negative perceptions of gaming, and limited confidence using computers or tablets. As such, uptake may be met with challenges. The findings highlight the need for interdisciplinary collaborations and user-led approaches for the design of successful and engaging serious energy games.
Introduction
There are many challenges when it comes to communicating about energy use and saving. Energy is invisible, and thus is often difficult for householders to accurately conceptualise. There is a lack of feedback on everyday energy consumption, often limited to monthly, or even yearly, energy bills that only show an overall amount and leave householders guessing how, when, or through which behaviours energy was used [1] . Indeed, Burgess and Nye argued that energy is "doubly invisible" [2] (p. 4454), due to the fact that the impact and amount of energy use are largely abstract concepts, and it is often difficult to link these values to daily energy-using activities. This invisibility leads to common misperceptions around energy use, such as those reported by Attari et al. [3] whereby people tend to underestimate the energy use and savings associated with efficiency behaviours (such as insulating their home, or installing efficient equipment), and overestimate the energy savings associated with curtailment behaviours (such as turning off lights). Also, because the qualities of energy cannot be directly perceived, there is often a lack of emotional involvement with energy use [1] . Determining how we can increase the visibility of energy use in order to effectively engage householders with energy conservation and reduce energy consumption has subsequently become the topic of much research interest in recent years. The use of (visual) feedback has come up as one of the main solutions to overcoming these barriers to communication in the field of household energy use. Visual information allows householders to engage with energy use more directly, enabling them to see what is normally invisible [4, 5] . Furthermore, providing energy feedback in the form of a visual real-time representation of consumption levels can help bring the long-term consequences of energy use (e.g., fuel costs) to the shorter term [6] . The drive for the widespread 'rollout' of smart energy monitoring systems (SEMs) is one response to this call [1, [7] [8] [9] [10] . However, despite its potential, the effects of smart meter feedback on reducing energy demand have been questioned [11] . In particular, it is unclear whether feedback displays can hold householders' interest in the longer term as the novelty wears off [12, 13] . Other visual feedback techniques have been proposed, such as the use of infrared images to visualise heat loss in the home [4, 5] , and devices that visualise energy use through art-inspired design (e.g., the power-aware cord [14] ). However, these techniques can be expensive and may be difficult to up-scale in order to roll out to a large population [4] . As such, alongside feedback displays and other techniques, there remains a need for the development of easy-to-scale educational tools that can link the abstract concept of energy to specific daily energy-using behaviours, and that can offer an interactive, evolving way to engage with energy consumption over a longer time period. Given the growing evidence that some people respond better to 'playful' forms of information and feedback [15] , 'gamification' or the development of 'serious games' to educate about energy practices is one potential avenue that may provide an answer to this call. This paper will take a two-part approach; in the first part, the current literature on serious gaming within the context of household energy use will be reviewed. In the second part of the paper, a case study is presented; this case study provides an example of how insights from social and behavioural research can inform technical design. Rather than conducting social science research at the end of technological development (e.g., through evaluating use of a serious game), the current research was done before game development. Specifically, the case study presented here allows us to study the perceptions of serious games on energy use among residents in a specific sector, namely, social housing. Findings will be discussed from two housing surveys, looking at, amongst others, interest in-and motivations for-playing serious games amongst this group of householders. Social housing, or affordable housing, provides housing with subsidised rent for people on low incomes. This sector of housing is often overlooked when it comes to research on household energy use [16, 17] . However, at the same time, developing effective methods to communicate with residents about energy use is particularly important in this sector. Many social housing associations and local authorities attempt to engage their social housing tenants with energy efficiency. In these campaigns the focus may not be on increasing energy savings per se, but on using energy efficiently to ensure comfort, health, well-being, and affordability (e.g., [18] ). The social housing sector houses more vulnerable groups than any other housing sector [19] . In England, 72% of households living in social housing have an income in the two lowest income quintiles, so financial pressures in these households are high [19, 20] . As a consequence, social housing residents will be one of the hardest affected by future fluctuations and increases in fuel prices as we transition to a low-carbon energy system. Already, low-income households are 2.5 times more likely to struggle keeping their home adequately warm, compared with the general population (in Europe, [21] ), due to a combination of factors including low household income, high energy costs, and poor energy efficiency of the house [22] . Cold homes, in turn, have been associated with a range of negative health outcomes (cf. [23] [24] [25] ). Reductions in, and more efficient use of, energy through energy efficiency improvements and behaviour change could provide an opportunity to reduce financial concerns and improve housing conditions in the social housing sector [26] [27] [28] [29] . Serious games on energy use may offer a novel way to help social housing residents manage their energy use. The next section will review current research on serious gaming and its potential to engage households with energy conservation.
Serious Games as a Tool to Raise Awareness and Change Behaviour
In the late 1990s, Fogg and colleagues pioneered research into persuasive technologies, conceptualised as "interactive computing systems designed to change people's attitudes or behaviour" [30] (p. 1). Since then, developments in the field of 'serious gaming' have gained substantial momentum. 'Serious games' are formalized, goal-oriented games which are designed to go "beyond the role of entertainment" [31] , and instead aim to educate, or to promote health and well-being [32] . Serious games are physical games which can be digital or material (i.e., nondigital) and are intended to be played by users; this is not to be confused with the Game Theory Model which refers to the study of mathematical models and has also been applied to the household energy domain (cf. [33] ).
With regards to serious games, according to Hamari, Koivisto, and Sarsa [34] , gamification can be conceptualised as having three constituent parts: (1) initial motivational affordances or goals, (2) resulting psychological outcomes that are akin to those experienced in 'regular' gaming, and (3) behavioural outcomes, in terms of the establishment of new, desired behaviour patterns and habits within and outside the game context. Most serious games use some variation of the points-badges-leaderboards model of 'four-square' [34] . 'Four-square' has been described as the arguable blueprint of the gamification movement [32] , incorporating a series of game-like elements to encourage interaction and shared engagement, including 'points' for participation, 'badges' for unlocking achievements, 'leaderboards' which allow for comparison with members of one's social group, and 'rewards' as incentives paired with goals and achievements. By incorporating a variety of these gamelike elements, serious games are able to encourage continued interest and interaction, enabling establishment of new behaviour patterns over time, which are then further reinforced through social comparison on leaderboards or associated social media platforms.
One of the most well-publicized examples within the environmental domain is 'Chromaroma'-a gaming platform that allows users to track their movements across London using their public transport card, using timestamped swipes in and out of underground stations. The game encourages users towards more sustainable behaviour patterns with goals that place walking, cycling, and use of public transport over car driving, awarding points for unlocking achievements, and encouraging competition through leaderboards. The game provides an example of the move away from people escaping into a virtual world of games, and instead towards a future which finds games escaping into everyday life [32] . Serious games are at the forefront of this movement, allowing the user to find refreshed interest and enjoyment in commonplace everyday tasks and activities that they habitually engage in. Crucially by re-engaging users with real-life tasks and activities, gamification has the potential to overcome 'action inertia'-one of the main barriers to behaviour change commonly identified in the social science and environmental literatures [35] . Serious games have been shown to be effective in changing behaviour in a wide variety of contexts, including sustainability and energy conservation, health and well-being, commerce, and education. The next sections will discuss examples of serious games in the health and energy conservation fields. The former is relevant here as the focus of this paper is on implementing a serious game in the social housing sector. As mentioned in the introduction, communication about energy use in this sector is not only concerned with energy conservation, but also with finding the right balance between conserving energy and having a healthy home environment.
Within the health context, gamification has focused on engaging users to take responsibility for their own health, either by targeting self-improvement, for example in fitness, healthy eating, or cognitive abilities, or by targeting more effective self-management of health challenges and chronic conditions, such as diabetes or asthma (see [36] ). It is suggested that framing health challenges as a game helps to encourage engagement with these challenges as it can make failure less daunting, and can break targets down into more psychologically manageable objectives, meaning that people perceive better odds of eventually succeeding [37] . In their meta-analytic review of serious games for health, DeSmet et al. [38] found that the average effect size for behaviour change was positive but small, indicating overall improvement in the adoption of healthy lifestyle practices as a result of engagement. Games that, in addition to providing information, offer an environment which allows users to autonomously seek information on positive behaviour change strategies are particularly effective. The provision of such an environment is vital in enabling behaviour change as it evokes feelings of competency and control which are essential in motivating choice [39, 40] . Furthermore, given that affective responses are a prominent driver of behaviour in nearly all aspects of decision-making behaviour (see, for example, [41] ), creating an emotional involvement in the game or storyline is often an effective strategy for encouraging continued involvement, and for promoting behaviour change in desired directions. Games for health have subsequently been shown to have substantial potential for guiding behaviour in desired directions, and can also help to overcome the challenge of encouraging those who are not overtly concerned about their health to engage with health-promoting behaviours (see, [42] ).
Returning to the environmental domain and energy consumption, use of gaming to promote "good, green choices" has seen a surge of research interest in recent years [43] . Motivational techniques associated with gaming are often included in studies aimed at influencing pro-environmental behaviour, including social comparison [10, 44] , goal setting [45] , feedback [46, 47] , and rewards and incentives [48] . Serious games within the environmental domain fuse a variety of these principles and techniques with the concepts of playful interaction and gameful design in order to create stimulating learning environments that can be used to educate and motivate lasting behaviour change [49] . Although several examples of serious games designed to educate users about energy consumption and motivate energy-saving behaviours exist (e.g., [50] [51] [52] [53] [54] [55] [56] [57] [58] ), empirical research into the effectiveness and use of these games in different housing contexts is limited [51] . Some studies have suggested that serious games can increase awareness of energy consumption practices in the short term. Two such examples are the games 'EnergyLife' and 'EcoIsland'. In 'EnergyLife' [53] , users are provided with real-time feedback information based on wireless power sensor data linked to appliances in their own home, as well as tips and quizzes to educate on how to best conserve energy. Gamers are also able to compare their performance with others in the 'in-game' community using leaderboards. In 'EcoIsland' [54] , users strive to save a virtual island from loss of land through rising sea levels, by reducing the amount of emissions that each household emits. Users play as one household on the virtual island, and have to self-report steps they have taken to change their emissions levels. However, research on both of these games lacked the inclusion of a control group, which makes it difficult to fully assess the results reported (see also [50] ).
More in-depth research was done on three other serious games: 'Energy Chickens', 'Power House', and 'Green my Place'. The first of these, 'Energy Chickens' [56] , runs on actual consumption data and it was designed to encourage energy savings in an office environment, with the overall goal of maintaining the health of a virtual pet chicken. The game incorporated elements of goals, feedback, and social comparison, and was found to be successful in increasing energy awareness and decreasing energy use in office environments (versus a no-game control), with persistence of the effects over a 12-week trial period. Similarly, the game 'Power House' [57] used the virtual world of a typical family home to teach users about energy savings. The game incorporated real-time feedback data on consumption levels from utility companies which was presented to users on their personalised 'dashboard'. Users received credits for reducing their energy use, and could compete with family and friends on social leaderboards. A laboratory trial showed that playing the game for 30 min resulted in significantly increased likelihood of engagement in efficiency behaviours, such as turning off lights when leaving the room, in contrast to a control group who played a similar but thematically different entertainment game. Similarly, a field test using smart meter data revealed a significant (2%) decrease in electricity usage for the 30-day period following 'Power House' play versus a control [57] . Finally, in the game 'Green my Place' [58] , users aimed to increase the efficiency of their virtual building via use of educational tools and engagement in eco-action mini games. Teams competed to unlock achievements and win awards that could improve the virtual representation of their team building, with players' individual scores reflected alongside that of their team or building on in-game leaderboards. The game was found to be effective in encouraging energy use conservation over a three-month period, in comparison to a no-game control.
In summary, there seems to be potential for serious games to encourage energy-saving behaviour and raise awareness on energy consumption practices. However, studies are limited and there are many questions still to explore. One question concerns the role of serious energy games in different housing contexts, especially those where householders may have, or perceive, limited agency as to what they can do to save energy [51] . Also, the majority of studies focus on the effects of serious energy games on energy-saving behaviour once the game is in place. While this research is important in establishing the usefulness of serious games to reduce household energy demand, we posit that it is also important to look more closely into how serious games are developed for the user. Specifically, it is important to address the issue of (lack of) interest/engagement in energy conservation that is commonplace in the energy communication field. Getting households to engage with energy consumption messages/communications has been acknowledged as one of the largest obstacles to the success of these initiatives [4, 11] . Serious energy games are positioned in the literature as a 'fun' and 'interactive' way to engage with energy in order to overcome this obstacle, but, so far, research into users' interest in and motivations to play serious energy games is limited. So, in the remainder of this paper, a case study on the development of a serious energy game in the social housing context is discussed. Quantitative and qualitative survey data is used to study the perceptions of a serious energy game among social housing residents by answering the following explorative research questions:
(1) Which characteristics do social housing residents look for in a serious energy game? (2) Which factors are related to interest in playing a serious energy game among social housing residents? (3) What is the role of access, experience, and confidence with digital media in the potential uptake of a serious energy game in the social housing context?
Developing a Serious Energy Game for Social Housing Residents: A Case Study
The EnerGAware (Energy Game for Awareness of energy efficiency in social housing communities) research project aims to develop and test a serious energy game in a field study among social housing residents. The EU Horizon 2020 funded project is a collaboration between game developers, building engineers, psychologists, energy providers, IT engineers, and a social housing provider (for more information, see energaware.eu). During the game development phase of the project, two surveys were administered to capture responses from social housing residents in a city in South West England. Both surveys were conducted at the start of the field study before any intervention took place. The full surveys included measures on energy-related issues in the home, perceptions and behaviours related to energy use at home, use of digital devices and social networks, and demographics and household characteristics. Data from these larger surveys is used in the current paper to discuss perceptions of a serious energy game in this sample of social housing residents.
The Social Housing Surveys

Survey A
A self-report, paper-based survey, accompanied by a letter, a one-page flyer about the project, and a prepaid return envelope was sent by post to 2772 households in May 2015. The letter invited households to either complete the paper-based survey and return it in the prepaid returning envelope or undertake the survey online. A prize draw (for family days out and shopping vouchers) was used as an incentive to encourage households to complete and return the survey. After two weeks, a further letter was sent out to remind households to complete the survey.
The survey included measures on access, experience, and confidence with digital media-asking respondents to report on their access to the internet, their experience with (digital) games, and their confidence with using a computer and the internet. An open-ended question was also included asking respondents to describe what a game on energy saving should include to make them want to play it; for the full list of items, see Appendix A. In total, 536 (503 paper-based and 33 online) of the households completed the survey, giving an overall response rate of 19.3%. A number of items included 'don't know' or 'not applicable' response options. In addition, some respondents did not provide answers to all the items in the survey. As a result, the number of valid cases for each analysis varies. Unless stated otherwise, missing, 'don't know' and 'not applicable' responses were excluded from the analysis. Table 1 provides an overview of the demographics. Yes, another member of the household 28% * Note: According to the English Housing Survey for the social rented sector, the average age for the household reference person (HRP) was 52, with slightly more females (56%) than males; 42% of HRPs were in employment and 28% were retired, 59% were in receipt of housing benefit, 17% of HRPs or their partner were registered disabled, and a further 49% reported a long-term illness or disability [19] .
The majority of respondents were 45 years or older and female. Retired or in employment made up the two biggest categories, and nearly half reported being in receipt of welfare benefits, and considered themselves, or another member of their household, to have a disability. Although the aim of this research was not to study a representative sample of the population, Table 1 shows that the demographics are fairly representative of the overall social housing sector in England (see Table 1 ), with a slight overrepresentation of retired households and underrepresentation of employed households in the current sample.
Survey B
In January 2017, all 88 homes that would participate in the field study to test the serious energy game received a home visit to record their energy meter readings. These 88 homes were drawn from the same sample of households as the 2772 households contacted for Survey A. Survey B, a self-report, paper-based survey, was sent to the 88 households, together with a letter informing about the purpose of the home visit and requesting the resident to complete the survey. If the residents had not completed the survey at the time of the visit, they were provided with another copy of the survey and a prepaid return envelope. Vouchers were used as an incentive to encourage responses, and two further reminder letters were send out in the weeks following this initial contact.
The survey included questions on respondents' interest in playing a serious energy game, as well as open-and closed-ended questions on their motivations for playing the game (see Appendix A for full items). In total, 78 of the households completed the survey (88.6% response rate); similar to Survey A, the number of valid cases for each analysis varies due to missing data and 'not applicable' responses. As can be seen in Table 1 , the demographics of the Survey B sample were very similar to those for Survey A.
Finally, Surveys A and B also included five items measuring energy saving perceptions, specifically the following: energy saving attitudes (two items), perceived control over energy use in the home, social norms (i.e., whether friends and family say it is important to save energy), and financial worries about the energy bill (see Appendix A for full items).
Results: Perceptions of a Serious Energy Game among Social Housing Residents
Which Characteristics Do Social Housing Residents Look for in a Serious Energy Game?
A logical first step in designing a serious energy game for social housing residents would be to explore what residents are looking for in a game. When asked to think about a game that would help households save energy, which suggestions do the residents come up with that would make them want to play the game? This is what households were asked in Survey A; twenty-two percent (n = 120) of all respondents to Survey A provided an answer to this question. An exploratory thematic analysis of these answers revealed that the responses could be divided into two main groups, that is, suggestions for the game (68%) or disinterest in energy saving games (28%). The remaining responses (4%) could not be categorised in either group or were unrelated to the question.
With regards to suggestions for the game, respondents often provided more than one suggestion. For example, one respondent noted that the game "would have to be easy to access and use, fun, colourful". Overall, several themes emerged across the responses. Most often included in the responses was a need for the game to be fun, enjoyable, and/or interesting (included in 21% of 82 responses). This was sometimes noted along with action as being particularly important to keep attention: "Interesting and challenging gameplay, my attention tends to stray when I'm bored of a game".
Secondly, respondents often noted that an energy saving game should be easy to use and quick to understand (included in 18% of 82 responses). For instance, one respondent noted that the game should be "easy for non game players", while another stated that it should have "very easy step-by-step instructions". Ease of use was often related to the need for the game to be suitable for different age groups (included in 16% of 82 responses), as illustrated by the following quotes: "not complicated, appeals to a range of ages" and "constructive info for all ages".
Smaller categories of responses related to more specific suggestions regarding the content of the game. Most commonly mentioned was including rewards (in 12% of 82 responses), followed by including a challenge (9%), including specific information on energy usage or costs (6%), explaining ways to save energy or money (5%), and including an option to play or share content with friends (4%). In fact, some answers (11% of 82 responses) contained very specific game ideas, often related to games that respondents had played before or were familiar with:
A cost budget that goes down. So would start with high amount of money and thus would reduce, while trying to fix and maintain household before going bust-Maybe like Monopoly-or Chance.
In summary, based on the comments from the respondents, a serious energy game needs to be, first and foremost, fun and enjoyable. At the same time, respondents suggest that the game should be easy to use, suitable for multiple age groups, and include elements from familiar, popular games. Interesting to note is that no large, common theme emerged from the analysis. The largest category (i.e., fun) was mentioned in 21% of the responses. A range of suggestions were proposed, reflecting a variety of opinions of what should be included in an energy saving game.
However, the remaining responses to the question (28%) reflected an active disinterest in an energy saving game. Some respondents commented that they would rather receive simple energy saving information (6% out of 34 responses), as illustrated by these quotes:
Cannot think of any reason why I would want to do so. A simple process that tells me what each item is using/uses and the actual cost per hour, etc., would suffice.
I don't believe this is truly possible. I'd rather be given tips/hints to save real money on my bills. I don't want to play games about energy.
Others commented on other energy efficiency measures that they felt were needed and which should be prioritized (6% out of 34 responses): Don't play games where energy is concerned. Need to insulate properties from externally. Then there would be far more energy saving and less maintenance on all of [social housing provider's] property, this being cost effective on both parties.
However, the majority of these comments related to a lack of interest in games in general or specifically on energy use, and the assumption that playing a game would not be feasible (94% out of 34 responses). Respondents noted that they had "no time to waste", including one person who thought an energy saving game would be "a ridiculous idea, [ . . . ] You are asking people to save energy by wasting energy (and time) on a game!" Other responses illustrate why respondents felt it difficult to imagine how playing an energy saving game would fit with their lifestyles:
As the only full-time worker in the family I hardly find the time to use the computer only where necessary. I do not have any game on the computer, too busy for that.
First of all I'd need to be able to afford to buy a computer, then pay a subscription to an internet provider then pay for lessons to learn how to use it. I can't imagine as a pensioner that I could ever afford this.
So, work pressures, busy lifestyles, and age might be factors that prevent social housing residents from engaging with a serious energy game. These responses reflect a potential negative stance towards a serious energy game. Specifically, the data here raises the question whether a serious gaming approach is appropriate in isolation for busy, time-pressured households and elderly residents. This question is further explored using data from Survey B where specific questions were asked about interest in a serious energy game and the underlying motivations explaining these perceptions.
Which Factors Are Related to Interest in Playing a Serious Energy Game among Social Housing Residents?
As may be recalled, Survey B was conducted among a subsample (n = 78) of social housing residents who would participate in a field study where the serious energy game would be tested. Respondents were told that they would receive a free tablet for participating in the project and were asked to what extent they would be interested in playing a game on their tablet about energy use and saving. They could give their response on a 4-point scale ranging from 1 (very interested) to 4 (not at all interested). The average response was 1.82 (SD = 0.68), so respondents were fairly interested in playing a serious energy game. Interest in a serious energy game was similar for male and female respondents, across age groups, for households with and without children under 18 years of age, and across respondents with different employment backgrounds (see Table 2 ). To examine whether interest in a serious energy game relates to broader energy saving perceptions, interest was correlated with energy saving attitudes, perceived control over energy use in the home, social norms, and financial worries about the energy bill (see Table 3 ). The results in Table 3 suggest that people expressed more interest in playing a serious energy game the more positive their attitudes towards energy saving were, and the more they reported having friends and family who feel the same. However, there was no association between worry about energy bills and feelings of control over energy use and interest in playing an energy saving game. Respondents were also asked more directly about their motivations for playing a serious energy game. After they rated their overall interest, they were asked to explain their rating in an open-ended question. Out of the 78 responses to the survey, 56 respondents provided an answer to this question. Respondents also rated the extent to which they agreed with four reasons why they might be interested in playing a game about energy use and saving, i.e., (1) it would make it fun to deal with energy use in my home; (2) it would help me learn what I can actually do to save energy; (3) it would help me to reduce my energy bills; and (4) it would encourage others in my home to think about how they use energy. There is overlap between the responses to these two aspects so they will be discussed together here.
The motivations were rated on a 5-point scale, ranging from 1 (strongly agree) to 5 (strongly disagree). On average, learning what to do to save energy (M = 1.88, SD = 0.82) and helping to reduce energy bills (M = 1.90, SD = 0.84) were rated as important reasons for interest in playing an energy game. This was followed by making it fun to deal with energy use (M = 2.05, SD = 0.82), and encouraging others to think about energy use (M = 2.11, SD = 0.98). Respondents agreed more strongly that they would be interested in the game if it would help them learn what to do to save energy, compared to whether it would make it fun to deal with energy use in the home (Wilcoxon Signed Ranks Z = −2.27, p = 0.023). This is also reflected in the qualitative responses: in an exploratory thematic analysis, wanting to learn about energy use and how to save energy emerged as one of the main themes (mentioned in 25% of 56 responses). The responses showed that social housing residents were looking for specific information on how, when, and where to save energy:
Hoping to educate myself and family to how the home uses energy and how to make changes to save energy.
I would like to get to know when and where I can save energy in my home.
Having fun was only mentioned by a small proportion of the respondents (4% of 56 responses); for instance, one respondent noted a game would be "a fun way to find ways to save energy and money". This is seemingly in contrast to the results reported earlier from Survey A, where a large proportion of respondents noted that a game would have to be fun for them to be interested in playing it. This might reflect a difference between the two samples, but it could also reflect a difference between what householders would like to see in a serious energy game (reported in Survey A) and what householders expect to see in a serious energy game (reported in Survey B). That is, in Survey B, householders are asked to explain why they would (or would not) be interested in playing an existing game.
Furthermore, the ratings showed that respondents agreed more strongly that they would be interested in the game if it would help them reduce their energy bill, compared to whether it would encourage others to save energy (Wilcoxon Signed Ranks Z = −2.06, p = 0.040). Again, this is also reflected in the qualitative data, where a common theme was wanting help to save energy and money (mentioned in 27% of 56 responses): "I am open to any help, advice, ideas to help me reduce my energy bills". With regards to encouraging others to save energy, a small category of responses (5% of 56 responses) related to playing the game with family or children, as noted by one respondent: "kids will enjoy playing too".
The qualitative responses also showed that some respondents did not have a specific reason or motivation to be interested in playing a serious energy game; they were simply curious and willing to try it out (11% of 56 responses). These respondents wanted to "see what it's all about", though some noted that it would depend on the design of the game: "would play it, it would then depend on the interest in the game as to if we would continue with it". However, others were less favourable towards playing a serious energy game, and expressed having no interest in playing a serious energy game (16% of 56 responses). Furthermore, similar to earlier reported results from Survey A, some respondents noted that constraints due to age or disabilities or lack of computer literacy would prevent them from playing a serious energy game (9% of 56 responses), as noted by one participant: "partially sighted, unable to see games properly".
In summary, overall, respondents were fairly interested in playing a serious energy game. Exploring these findings further showed that this was especially the case for respondents already interested in energy saving and surrounded by energy saving social norms (i.e., those who had friends and family who think energy saving is important as well). Although earlier results showed that households wanted a serious energy game to be fun and enjoyable, wanting to have fun was not an important reason why respondents reported being interested in playing a serious energy game. Instead, being able to learn specific know-how on what to do to save energy at home seemed to be an important reason for householders' interest in a serious energy game. However, both surveys indicated that certain age groups or people with disabilities might have difficulties with a digital serious energy game. This is especially relevant in the context of social housing which tends to consist of an older segment of the population with a higher proportion of disabilities compared to the general population. As discussed at the start of Section 3.2. interest in a serious energy game was similar across different age groups. However, the qualitative responses do indicate some concern as to how (and if) elderly residents and residents with disabilities could engage with a serious energy game. How the uptake of a serious energy game in a social housing population could be influenced by these factors is further examined with data from Survey A on access, experience, and confidence with digital media.
First of all, respondents were asked whether they had regular access to the internet. The results from the survey showed that the majority of households had regular access (64% out of 536); however, about a quarter of households did not have regular access, and were not interested in this (22% out of 536). Smaller groups of respondents indicated that they had access to the internet elsewhere (2% out of 536), did not have regular access but would like to (9% out of 536), or did not provide an answer to the question (3% out of 536). Table 4 shows the relationship between internet access, age, welfare benefits (e.g., unemployment allowance, housing benefit), and reported disability. Respondents without regular internet access at home were more likely to be in receipt of welfare benefits and to consider themselves disabled. Also, on average, respondents who were not interested in having regular access to the internet were older compared to those who had regular internet access. Table 4 . Relationship between regular access to the internet and age, welfare benefits, and reported disability. Secondly, respondents were asked whether they, or other members of their household, play games on, for instance, computers, smartphones, tablets, or video game consoles. Out of the 536 respondents to the survey, just over half answered no to this question (52%); the remainder answered yes (41%) or did not provide an answer to this question (8%). As was found with regards to internet access, the responses to this question also related to age, welfare benefits, and reported disability. The data in Table 5 shows that younger respondents who did not consider themselves to be disabled were more experienced with playing games. The proportion of game players was slightly higher among respondents who did not receive welfare benefits.
Finally, two questions were included in the survey to assess how confident respondents felt when using a computer and when using the internet. On a 5-point scale, ranging from strongly agree (1) to strongly disagree (5), the mean scores showed that on average respondents felt fairly confident when using a computer (M = 2.21, SD = 1.30) and the internet (M = 2.15, SD = 1.28). The older respondents were, the less confident they were about computer use (r = 0.36, p < 0.001) and internet use (r = 0.42, p < 0.001). Furthermore, respondents who received welfare benefits and considered themselves disabled felt less confident when using a computer and the internet, as shown in Table 6 .
In this sample of social housing residents, the percentage of households with regular access to the internet was lower compared to the average percentage in the UK (i.e., 90%, [59] ). Moreover, there is a clear pattern wherein older, disabled residents who are in receipt of welfare benefits have reduced access to the internet, less experience with gaming, and lower confidence regarding using a computer and the internet. This is important data to consider when implementing a serious energy game in this population. Getting people engaged with a serious energy game might be limited by a lack of confidence and ability to interact with a serious energy game. * Note: M = Mean; SD = Standard Deviation; nonparametric tests were used to account for the difference in group sizes and non-normal distributions. Table 6 . Relationship between confidence with using a computer and the internet, and welfare benefits and reported disability. 
I Feel Confident
Discussion
Household energy use is a pressing concern among many residents in the social housing sector [21] . A key challenge faced by communicators looking to help residents manage their energy more efficiently is to determine means of making energy use more visible and tangible. Serious games offer a potential novel way of engaging householders with energy use and saving. These games have been successful in the health domain and other fields in guiding behaviour and breaking down complex goals into more manageable objectives [37] . With regards to energy conservation, serious games allow users to try out new behaviours in a safe environment and receive immediate feedback. Importantly, serious games are thought to offer the opportunity to change everyday habitual behaviours, such as day-to-day energy behaviours, in an enjoyable and engaging way [35] . However, there are relatively few studies on the use of serious games in the context of household energy use [51] . This paper responded to a need to examine the potential of serious games in a setting where residents may have, or perceive, limited agency as to what they can do to save energy. By studying perceptions among social housing residents at an early stage in a project where a serious energy game is developed, we aimed to explore whether serious energy games can overcome one of the major obstacles in communicating about energy conservation: getting householders interested and engaged.
Survey responses showed that our sample of social housing residents were fairly interested in playing a serious energy game. Overall, residents felt that a game should be fun and enjoyable and easy to use for all ages. Furthermore, residents were motivated to play the game if it would teach them specific information on how, when, and where to save energy in their home. So, residents were looking for actionable solutions that could help them reduce their energy bills. In terms of energy saving perceptions, having positive attitudes towards any saving and having friends and family who feel the same related to a stronger interest in a serious energy game.
However, from the survey responses it also became clear that a large proportion of social housing residents felt negative towards the prospect of using a game to learn about energy use and saving.
There was an overall sense that residents already felt time-pressured and needed quick and simple advice; for these residents, a game was not seen as an appropriate way to gather information. There was also a perception that energy use is a serious topic-one that we should not play games about. This observation seems to go against the notion that people want 'playful' forms of information and feedback [15] . Additionally, the sample consisted of a relatively high proportion of elderly and/or disabled residents, which is not uncommon for the social housing sector. These residents in particular found it difficult to imagine how a serious energy game could be suitable for them. Further analysis showed that confidence in using the internet and computers tended to be low among these residents; additionally, they were less likely to have experience with gaming or regular access to the internet.
It should be noted that, although fairly representative of the social housing population in England, the sample of households in this study (especially for Survey B) was relatively small. In particular, there was a fair amount of missing data which may have led to an overrepresentation of residents with a strong opinion in favour of or against a game on energy use and saving. Also, respondents were asked to offer their opinion on a hypothetical game without being provided with an example. However, this helped us get an insight into the initial reactions that the residents had towards a game on energy use and saving, which was the topic of interest for the current research.
Implications and Conclusions
This case study shows that the uptake of a serious energy game among social housing residents could potentially be met with many challenges. Although some residents see potential in a serious game as offering a fun way to engage with energy use, the potential issues that emerged from the responses should not be underestimated. Moving forward, this case study provides two important questions that should be kept in mind when designing a serious energy game in this sector: firstly, how to deal with the negative opinions towards games on energy use; and secondly, how to make the game suitable for the large proportion of elderly and disabled residents living in social housing. Research has highlighted that effective serious energy games that can keep people's interest over time need to include personally relevant information, provide clear and actionable feedback, and at the same time be able to engage with a diverse group of people, allow them to make informed decisions, and take control of their energy use [51] . This is not an easy task, and in addition the current case study emphasizes the challenges of getting householders engaged with the game in the first place, and targeting hard-to-reach segments of the population. In part, the answer to these questions lies in the design of the game and some of these concerns might be addressed by carefully co-designing the game with the users. This can help to ensure that any concerns regarding the usefulness and suitability of the game are addressed, so the game fits with the needs of the residents. However, developing an effective strategy to co-design a serious energy game with users requires further research. In the current study, co-design workshops were organised by the games developer but residents were slow to sign up and numbers participating were very small. This could be due to the negative expectations as to what a game on energy use could offer, or simply due to the fact that these residents are a particularly time-pressured and hard-to-reach sample of the housing sector.
Different approaches may also be needed for different groups of residents. For example, parents tended to reply positively and saw the game as an opportunity to engage their children with energy use. At the same time, developing a material game (e.g., board/card games) alongside a digital game may help to engage elderly residents (also mentioned by [51] ). With regards to elderly and/or disabled residents, our findings point towards a potential role for 'digital literacy' in the uptake of serious energy games. This term refers to the ability to read, understand, and assemble knowledge from digital and nondigital formats as well as to create, communicate, and evaluate digital information [60] . Previous research has shown that limited use of the internet among older adults can reduce their access to-increasingly common-web-based health interventions [61] . Similarly, low digital literacy may limit elderly residents from engaging effectively with a serious energy game. This is an important issue that needs to be kept in mind, especially when working with vulnerable communities such as social housing residents.
Overall, as a technological innovation, serious gaming could provide a novel, interactive tool for communicators to use in the effort to reduce energy demand and move the energy transition forward. However, social and behavioural insights suggest that implementing a digital serious energy game in isolation is unlikely to be sufficient to engage residents, and face-to-face meetings and events which build up a culture of energy awareness over some time may be necessary in order to enable the gaming tool to reach its potential. Social change processes are different from technical change processes in that respect and may need a more multipronged approach. This highlights the need for multidisciplinary approaches where social scientists, IT developers, engineers, and users work closely together to design effective solutions, while using a multifaceted approach presenting a serious energy game as part of a wider engagement strategy to reach as many householders as possible in order to transform serious gaming from a purely technological innovation to a social innovation as well.
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